Summary. The effect of adrenal steroids upon implantation was evaluated by examining the efficacy of oestradiol-17\g=b\ on the initiation of implantation in ovariectomized, ovariectomized plus adrenalectomized or hypophysectomized pregnant rats treated with progesterone. More oestrogen ( \m=x\ 5) was required in ovariectomized animals to obtain results equivalent to those obtained with the other animal models.
Introduction
In the rat, maternal oestrogen is an absolute requirement for implantation in a progesteroneprimed uterus. In the absence of oestrogen the blastocysts become dormant but remain viable for several days; i.e. a state of delayed implantation is established (Mayer, 1963) . A single injection of oestrogen, however, will promptly induce implantation of these embryos. Delayed implantation can be achieved in the rat by removal of the pituitary or the ovaries before the presumed Oestrogen surge' during the preimplantation period and maintaining the animals on progesterone (Shelesnyak & Kraicer, 1963) . These two procedures do not appear to produce the same effect because different thresholds of oestrogen needed for implantation have been reported (Brandon & Raval, 1979; Johnson & Dey, 1980) ; more oestrogen is required to induce implantation in ovariectomized than in hypophysectomized 'delayed-implanting' rats. Although the reason for the differential has not been addressed, it is possible that adrenal corticoids could be a factor in the ovariectomized females. To test this idea, various doses of oestradiol were used to induce implantation in 'delayedimplanting' rats produced by ovariectomy, hypophysectomy or a combination of ovariectomy and adrenalectomy.
Materials and Methods
Virgin female rats (Holtzman strain) weighing 250-280 g were placed into groups on Day 3 of pregnancy (Day 1 = morning of finding spermatozoa in the vagina). Hypophysectomy was performed via the parapharyngeal approach using ether anaesthesia; a 5% solution of glucose was substituted for drinking water after this operation. Ovariectomy and adrenalectomy were performed under ether anaesthesia, using a dorsolateral incision. At the time of surgery and daily thereafter the animals were injected (subcutaneously) with 2 mg progesterone (Sigma Chemical Co, St Louis, MO) dissolved in 0-1 ml sesame seed oil. On Day 8 of pregnancy, 5 days after surgery, the animals were given a single intravenous injection of oestradiol-17ß (Sigma) dissolved in saline. The crystalline oestradiol was weighed on an electrobalance (Cahn/Ventron Corp., Paramount, CA) and dissolved in absolute ethanol. The desired concen¬ tration was then obtained by pipetting various amounts of the oestradiol solution into a 10 ml volumetric flask and diluting with 015 M-NaCl: in no case was the concentration of ethanol greater than 0-5%. At 24 h after the oestradiol injection the animals were lightly anaesthetized with ether and injected (i.v.) with 1 ml of a 2% solution of Chicago Blue dissolved in 015 M-NaCl. After 15-20 min, the rats were killed with an overdose of ether.
Discrete blue bands around the uterus indicated implantation sites (Psychoyos, 1973 (Panko et ai, 1981) . In a previous study we found that dexamethasone, a potent synthetic glucocorticoid, inhibited the action of oestradiol on implantation, but only if it was present at least 6 h before the oestrogen (Johnson & Dey, 1980) . Thus acute increases in adrenal steroids such as those associated with ether anaesthesia needed for the injection of oestrogen (Stern & Voogt, 1973) would not be expected to alter the response in ovariectomized rats.
Because prostaglandins (PG) , and especially PGE-2, have been implicated as important factors in initiating implantation in the rat (Kennedy, 1977; Johnson & Dey, 1980) , their relationship to adrenal function would seem most appropriate for consideration. Glucocorticoids are known to inhibit phospholipase A-2 activity and thus reduce the availability of arachidonic acid for PG synthesis (Blackwell et al., 1978; Russo-Marie et al., 1979; Pakrasi et al., 1983) . Furthermore, the inhibition of oestrogen action on implantation caused by dexamethasone was reversed by adminis¬ tration of PGE-2 (Johnson & Dey, 1980) . The latter study also demonstrated that the inhibition could be overcome by administration of histamine, which is a stimulator of phospholipase A-2 activity (Blackwell et al., 1978) . The results of the present study, added to those of our previous investigations, are therefore consistent with the view that removal of adrenal glucocorticoids in 'delayed-implanting' rats reduces the threshold for oestradiol needed for implantation by removing a modulator of PG synthesis.
Other more direct effects of glucocorticoids, for example, a reduction in oestrogen receptor number or binding affinity by adrenal steroids, could be involved in altering oestrogen action upon the uterus. Campbell (1978) reported that dexamethasone produced a reduction in the nuclear receptor-oestrogen complex in the uterus. However, we do not know whether the classical oestrogenreceptor complex is vital for the initial stages of implantation. We have reviewed some of the evidence indicating that the initiation of implantation may involve non-genomic oestrogenic actions (Dey & Johnson, 1986) . Until more information is available on the mechanism of action of oestrogen in the implantation process we cannot offer further speculations as to how adrenal steroids are involved. There is no doubt, however, that a functional pituitary-adrenal axis alters the oestrogen threshold for initiation of implantation.
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